Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 





^■I^^^HH^^B 


nj- — : 

SB 


^^BB^Wagricuuture, ^^^Hj 

E 9UB£«U OF «N1M»L mOUSTBV-fl.ln.M »=■ ^^^B 


HSHf RACIERIA 10 THE RWm J 
■ OF CHEDDAR CHEESE. ^ 




^^B l^KE A. KOOKRK. ^H 




■ ^ 1 











OniJ.\SllEATI».N 4»P THE limKAl' OP AKIX.A.L IKDURTBT. 



•iv*. IX. K. M, [L 

.< (£, Ai.rqHP, a 1i^, uliFur; OlMiQaMA ft. Lanu, 1). f 

, A M. VAWSiiwutx, Ua, D.V. W-rfiW. 

v,: Itiiriuuii \V. JlicicuH, I'll. iL, V. JL !»„ I'ltlor. 

E l. IJ, llJkih'n^ 
rflrf'HitiM'i' rfm^iMifiy- r>ni«vi« M. RoxttKi.. if. 5. A. 



»(-if'.; 



ion- K, Mnniyji. A. M^ V-it «-, •'bW; Hcwr J. W*j 






iviiii ^vll< 



U. S. DEPARTMENT OF AGRICULTURE, 

BUREAU OF ANIMAL INDUSTRV-Butletin No. 62. 

D. E. SALMON, D, V. M.. Chi.f of BucHU. 



RELATION OF BACTERIA TO THE FLATORS 
OF CHEDDAR CHEESE. 



LORE A. ROGERS, 
Expert in Dairy Bacteriology. Bureau of Animal fnduitry. 




WASHINGTON: 

GOVERNMENT PRINTING OFFICE. 



*'• 



t- 



LETTER OF TRANSMITTAL. 



U. S. Department of Agriculture, 

Bureau of Animal Industry, 
Washington^ D, (7., July i, lMli>. 
Sir: I have the honor to transmit herewith a paper on '' The relation 
of bacteria to the flavors of Cheddar cheese," being a report of the 
investigations made by Mr. Lore A. Rogers, expert in dairy bacteri- 
ology in this Bureau. The general plan and scope of this work was 
determined by the chief of the Dairy Division, and the experimental 
portion was conducted under the supervision of the chief of the 
Biochemic Division. I recommend that this paper be published as a 
bulletin of this Bureau. 
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THE RELATION OF BACTERIA TO THE FLAVORS OF j 
CHEDDAR CHEESE. 

By X^BK A. RORERB, 

Expert in Dairy Baderiology, Bureau iif Aiiuii'il Iiuhu^ry. 
INTRODUCTION. 

Although cheese making: has been carried on for many centuries, it 
ia on]}' in recent years that satisfactory scientific explanations have 
been oifered for methods in use for ages. The impetus given by the 
work of Pasteur to biological research in geneml, and particularly to 
the study of fermentations, led natui-ally to inve,stigation8 into the 
causes of cheese ripe'ning. The first and most plausible explanation, 
that this change was brought about by bacteria and other micro- 
organisms, obtained such wide acceptance that it is still considered the 
correct one by all except those familiar with the most recent work. 
As this question came to be more carefully studied it was found that 
this theory was insufficient, for certain kinds of cheese at least, and 
that the complex changes taking place in the milk solids between the 
time the cheese is started in the vat and its sale as a food can be brought 
about only by a combination of causes. Our knowledge of these causes 
and the conditions governing them has been greatly advanced in the last I 
few years by the work done in this country at the agricultural experi- i 
ment stations in Wisconsin and New York {Geneva), and by Freuden- , 
roich and Jensen in Switzerland. While this work has gone a long ' 
way in clearing up the more obscure points, there is still much to be 
explained, and any data that will add to our somewhat limited stock of i 
information will hasten the time when cheese making will be conducted 
entirely on scientific principles rather than by rule of thumb. 

In this country we are especially interested at present in the ripening ■ 
of Cheddar cheese, or, as it is more commonly called, American factory 
cheese, as this is the only kind made here on an extended scale. This 
kind of cheese is ditferentiated by its low water content from the soft | 
cheeses of the Limburger and Biie type. The high water content of j 
the soft cheeses, by making them a favorable medium for the growth 
of many kinds of organisms, changes the nature and rapidity of the 
fermentation. The American Cheddar resembles, in its method of 
manufacture, composition, and fermentations, the English Cheddar and 
the European Emmenthaler, or Sehweizer. 

The study of these fermentations is exceedingly complex, involving 

great variety of biological questions, but also exteriawft- J 
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changes of the most obscure nature in the proteid compounds which 
make up the great bulk of the cheese curd. The most important of 
the final products of this digestion is, as we shall see later, a group of 
compounds known as amides.^ Some of these have their own peculiar, 
peneti'ating odor and taste. Many of them are, as their names indi- 
cate, found in decaying organic matter, but certain of the amides 
which give putrefying material its characteristic odor are not found in 
cheese. Thus the ripening of cheese, while resembling in many ways, 
especially in the highly flavored cheese of the Limburger type, the 
ordinary putrefaction of proteid matter, is distinguished from it by 
certain of the end products, as well as by the quantities in which the 
amides and ammonia are formed. 

Before going into a discussion of the experimental work it will be 
well to mention briefly the changes taking place in ripening cheese, and 
to review our present knowledge of the causes which produce these 
changes. By the ripening we do not mean simply the development 
of certain desirable flavors. While these are essential, they are only 
the final result of a long series of complex changes which must take 
place before the tough, indigestible curd becomes edible; all of these 
changes are a part of the ripening and must be understood before we 
can hope to explain or control the production of flavors. In studying 
the ripening of cheese we have to do with one group of compounds 
only. The sugar, while it is rapidly broken up and may under cer- 
tain circumstances be connected with certain abnormal fermentations, 
breaks down most rapidly into comparatively simple acids which have 
little direct influence on the flavor. On the other hand, many of the 
decomposition products of fat (which is an important constituent of 
Cheddar cheese) have an especially pungent odor and taste. How- 
ever, it is well established that the change in the fat is, at most, 
very slight (Weidmann).^* It is in the nitrogenous constituents — the 
casein, or, more properly, the paracasein — that we find the important 
changes. 

In carrying on the work recorded in this paper the writer has 
received many valuable suggestions from Mr. Edwin B. Hart, asso- 
ciate chemist at the New York Agricultural Experiment Station. In 
the manufacture and initial bacteriological examinations of Cheeses IV 
and V, the bacteriological laboratory and the dairy of the New York 
Agricultural Experiment Station at Geneva were used. The many 
courtesies in this connection are acknowledged. 

PHYSICAL CHANGES. 

The changes in the physical condition of the curd are marked. The 
cheese as it comes from the press has the spongy consistency of a mass 

«In this paper, under the term amide, are included all nitrogenous compounds 
not precipitated by tannic or phosphotungstic acid, except ammonia. 
^ See bibliography at end of bulletin. 
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of Tubber, but may be broken into rough bits. Dujing the ripening A 
it becomes soft and waxy, until in a well-rij)cned cheese it may be J 
spreatl with a knife like good butter. A thin rind is formed on the \ 
surface by the drying out of the curd and by the growth of molds and 1 
other organisms. This is always very thin and ha-^ no influence on the \ 
texture or flavor beyond a few millimeters from the surface. 



CHEMICAL CHANGES. 

The chemical changes in the nitrogenous constituents of the cheese , 
are profound and affect very deeply its general appearance, its digest- I 
ibility, and its flavor and aroma. In the milk nearly all of the nitro- 
gen is in the form of casein floating in the serum as a fine suspension, 
which is coagulated by rennet, forming paracasein and thus greatly J 
concentrating the proteids by separating fi'om them a large part of the I 
water. It has always been assumed that in the ripening process thia ] 
substance was broken down directly into simpler bodies soluble in i 
water. In a I'ecent paper embodying the results of careful and 
exhaustive research, Van Slyke and Hart" show that there is formed 
in the early stages of the manufacture a monolactic acid salt of the 
pai'acaaein. During the "ripening" of the milk and the heating of 
the curd after cutting, the milk sugar is split up into lactic acid by the 
acid-forming bacteria normally present in the milk or introduced as a 
starter, and the acid thus set free unites with the paracasein forming , 
the unsaturated or mono-acid salt, if the acidity is normal; or a satu- 
rated or di-acid salt, if the acidity is abnormally high. This body is 
insoluble in water but soluble in dilute solutions of sodium chloride. 
In normal cheese it is present in quantities varying from 40 to 75 per ' 
cent of the total nitrogenous constituents. It has not been conclu- 
sively proved that the formation of lower compounds is at the expense 
of this body, but its gradual decrease and the proportional increase of ] 
water-soluble substances, during the ripening, point strongly to this j 
a.'jHumption. This point i.s well illustrated in Table I, taken from Van ] 
Slyke and Hart's paper. 



U of nali-gidnhlf and wnier-xitubie prodactK in n chef. 
[From Am. Chcm. Joar. XXVITI, 1802. p. 417.J 
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As the ripening proceeds there is a gradual transition of the nitro- 
gen from the more complex to simpler compounds. A number of 
bodies intermediate between the higher and lower proteids are formed, 
but only in small quantities. Alburaoses and peptones are always 
present in considerable quantities, but in a normal cheese the nitrogen 
shows no tendency to accumulate in this form; the decomposition keeps 
pace with the production, resulting in an accumulation of amides, and 
to a less extent of ammonia. In a thoroughly ripened Cheddar cheese 
3 or 4 per cent of the total nitrogen will be in the form of albumoses, 
and an equal amount in the form of peptones, while the amides will 
contain about 30 per cent of the nitrogen and the ammonia 3 to 5 per 
cent. As will be pointed out later, the rapidity of these changes 
depends directly, conditions of manufacture being equal, on the ripen- 
ing temperature. While little experimental work bearing directly on 
this question has been done, the tendency is to believe that the flavor 
of cheese is due to the presence of the amido compounds, probably 
influenced to some extent by the ammonia. The gradual development 
of the flavors peculiar to Cheddar cheese appears to be closely asso- 
ciated with the accumulation of amides and ammonia, and probably 
has no direct connection with the presence of any of the other com- 
pounds in the cheese. On the contrarj'^, the amounts of the more 
complex nitrogenous compounds are always smaller after the flavors 
have developed. 

It is now well known that the intensity of the flavor may be more 
or less controlled by regulation of the temperature of the curing 
chamber. As a general iTile the higher temperatures produce a more 
pronounced flavor. Chemical analyses of cheese cured at different 
temperatures show that the influence of a higher ripening temperature 
is most noticeable in the larger proportion of amides and ammonia to 
total soluble nitrogen. The sharpness that always occurs in cheese 
ripened at high temperatures is probably due, to some extent, to their 
high ammonia content^' P'^^*. On the other hand, cheese ripened at 
low temperatures has a clean but mild flavor and a correspondingly 
low amount of ammonia. In a valuable contribution to the study of 
cheese flavors, Van Slj'^ke and Hart' have shown the probability of 
certain changes among the amido bodies themselves that may account 
for at least a part of the changes that the flavor undergoes as the 
cheese ripens. They found in an examination of cheeses at different 
ages, differences in the kinds of amido bodies present that probably 
represented a transition from one class of compounds to another. In 
a cheese four and one-half months old they found lysatine, histidine, 
and lysine; in one fifteen months old, tetramethylenediamine (putres- 
cine) and lysine. In discussing the results of their work they say: 

There appears to be good evidence that there is regularly in the cheese-ripening 
process, in the case of hard cheeses like Emmenthaler and American Cheddar, a 
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conversion of primary into secondary amido campaunds; and these chemical changes 
may explain, perhaps, the gradual development of flavor in normal uhee»e; in other 
words, we may Hnd that the changing flavor of cheese, as it ages, is due, to some 
extent, to increasing quantities of secondary anddo com|)ounds. 

To aumniarize : The chemical changes in lipening cheese consist I 
eesentiolly in the formatioD of a lactate of paracasein with a subse- 
[juent conversion into simpler compounds sohible in water, with a | 
gradual accumulation of amides and ammonia. Cerhiin of the amides 1 
themselves are probably still further broken up into simpler amides J 
and into ammonia. 

TAUSKS OF THESK CHANGES. 



What is probably the first step in the breaking down of the soluble J 
curd is brought about indirectly by the activity of bacteria. As baa ' 
already been mentioned, the formation of compounds soluble in water ' 
is preceded by the union of lactic acid with the casein or paracasein, 
the acid having been produced through the fermentation of lactose by 
the lactic-acid bacteria. These are normally present in milk in large 
numbers, but their action is usually hastened by the addition of a 
"starter," which is pi-actically a nearly pure milk culture of one or 
more species of the lactic-acid-producing bacteria. During the process 
of manufacture these bacteria attain to enormous numbers and in a 
short time cause a marked increase in the acidity. The proper degree 
of acidity is estiQiated roughly by cheese makers by touching a small 
piece of curd to a hot iron and observing the line threads that appear 
aa the curd is pulled away from the iron, the length of the string 
increasing with the acidity. Van Slyke and Hart have shown this ■ 
property to be due to the presence of the lactate of paracasein. The 
action of the bacteria iu this coimeetion is entirely indirect, and che 
could doubtless be made without bacterial fermentation of the sugar 
by carefully adding small quantities of acid. Van Slyke, Harding, and 
Hart,' in making cheese in which the bacteria were suppressed from 
the beginning by the addition of chloroform, produced the acid salt of 
paracasein by the gradual addition of lactic acid. 



It has been shown by Babcock and Russell' that pepsin is present in I 
rennet extract, and is incorporated in the cheese in quantities .oufficieat 
to affect the ripening changes very appreciably. This was also proved, , 
independently, by Orla Jensen' working with Emnienthaler cheese. 
The former scientists give the results of extensive investigations, 
showing that the products resulting from the use of pepsin or an 
increased amount of rennet are the higher proteids characteristic of 
pepsin digestion. 
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Table II. — Showing amounts of different nitrogenous decomposition products in cheese 6 

months oldj made with varying quantities of rennet. 

[From Seventeenth Annual Report, Wisconsin Agricultural Experiment Station.] 



Amount of rennet per 1,000 pounds 
milk (ounces). 



3 

9 

18 



Per cent nitrogen of cheese in form of— 



Total 
soluble. 



1.36 
1.60 
1.88 



Albu- 
moses. 



0.20 
.42 
.68 



Peptones precipi- 
tated by- 



Tannin. 



0.21 
.25 

.27 



Phospho- 

tun^tic 

acid. 



0.08 
.08 
.07 



Amides. 

V 



0.70 
.69 
.70 



Ammo- 
nia. 



0.17 
.16 
.16 



It will be seen from this table that an increased amount of rennet — 
that is, an increase of pepsin — resulted in an increase of soluble nitro- 
gen confined to albumoses and higher peptones, while the lower pep- 
tones precipitated by phosphotungstic acid, the amides and the ammonia 
remained practically unchanged. While pepsin doubtless has more or 
less to do with the breaking down of the paracasein, it is quite evi- 
dent that it can have only an indirect influence on the flavor, because 
its activity is confined entirely to the production of the higher prod- 
ucts which play little or no part in giving the cheese its peculiar taste 
and aroma. 



GALACTASE. 



A distinct advance in the knowledge of cheese ripening was the dis- 
covery by Babcock and Russell ^ of a proteolytic enzyme inherent in 
milk, to which they gave the name galactase. This is secreted with 
the milk, and, becoming incorporated in the cheese, plays an active 
part in the general decomposition of the casein. In describing this 
enzyme Babcock and Russell ^' ^' ^^' compared it to trypsin, on account 
of the end products of its digestion and its accelerated action in an 
alkaline medium, but in a later report they ' stated that it is differen- 
tiated from trypsin and related to the bacterial enzymes bj^ its ability 
to form ammonia. 

It has been pointed out by Freudenreich • that the increase of amido 
nitrogen in galactase digestion is unimportant, and his conclusions have 
recently been confirmed by the work of Van Slyke, Harding, and 
Hart *' P- ^". The latter compared the progressive decomposition of 
normal cheese with that of cheese made to simulate as closely as 
possible the normal Cheddar, but in which the activity of all factors 
except pepsin and galactase had been excluded by the use of chloro» 
form. It had been previously shown that the proteolytic action of 
galactase was only slightly if at all depressed by the presence of chlo- 
roform, even in large quantities. The results of their work bearing 
on this question are summarized in Table III. 
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Table III. — Shoii'iiiy Ihepnigressivt deeomimsilwnof norimil cfieeitennd of rlieese ripened I 

6y pepein and galactage mily. 

[Adapted from Bulletin 203. New Tork Agricultural E^iperiment atsiinn,] 
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An examination of thia table showa a striking difference in the \ 
amounts of amido nitrogen in the normal and in the chloroform cheeses. 
At the end of three and one-half months the normal cheese contained 
nearly four times as muoh amido nitrogen as the chlorofonn cheese. 
This proportion was gradually reduced by the slow accumulation of 
amides in the chloroform chee-ie, but at nine months, when the nor- 
mal cheese was thoroughly ripe, there was still twice as much amido 
nitrogen in the normal as in the chloroform cheese. On the other 
hand, the chloroform cheese contained, at nine months, nearly five 
times as much nitrogen in the more complex forma of albumoses and 
peptones as the normal cheese. Even more noticeable is the entire 
absence of ammonia in the chloroform cheese, forming a marked con- 
trast to the normal, which at the end of nine months had nearly 5 per 
cent of its nitrogen in the form of ammonia. 

The inability of galactase to form ammonia is even more distinctly 
shown by the digestion of casein in milk, cited in the bulletin referred 
to *■ "■ *". In this case the enzyme was working under very favorable 
conditions, yet while the amount of amides was comparatively high, 
ammonia was not formed. From these results it is safe to conclude 
that, while galactase maj' and probably does play an important part 
in the conversion of paracasein, or more probably paracasein lactate, 
into soluble compounds, these compounds are confined to the higher 
proteids — the albumoses and peptones — with only a slight formation 
of amides and none of ammonia. 

This forces upon us the necessity of accounting for certain changes 
in normal cheese that can not be produced by the activity of galactase 
and pepsin alone. In other words, the presence of those compounds, 
the amides and ammonia, which probably give cheese its peculiar 
flavor, is due, partially at least, to the activity of a third factor which 
has not yet been definitely determined. The accelerating effect of high 
ripening temj^mtures on the rate and amount of change, and especially 
on the amounts and nature of the lower compounds, hiw ft.lvs^<k^ \«.'«i, 1 
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noted. The increased produt-tion of these simpler bodies may be diiM 
(1) to the accelerating effect of moi-e favorable temperature on ( 
enzymes present in the cheese; (2) to an increase in the immbera c 
bacteria normally present; or (3) to a change in the nature of 1 
bacterial flora. The improbability that this increase in simple diges 
tion protlucts is brought about by the increased activity of galactase ' 
is illustrated by the comparison of the products of galactase digestion 
with ripe cheese given on page 165 of the Sixteenth Annual Report of 
the Wisconsin Experiment Station. In this ca.se, although the enzyme 
was working in milk under most favorable temperature conditJons 
(37-38° C), yet in 112 days it had converted only about 17 per cent of 
the total nitrogen into the form of amides, while in normal cheese, 
where the conditions would be much less favorable to enzymic activity, 
at approximately the same age, over 16 per cent was in this form. 
The entire absence of ammonia formation, even under moat favorable 
circumstances, as noted above, makes this possibility even more remote. 

The fact that the ptxidnction of these compounds is suppressed by 
the presence of anesthetics, as has already been shown, and to some j 
extent at least by low tempemtures, would indicate that their [ 
was the result of vital activity. The causal relation between liacteria ' 
and the ripening of cheese, both in regard to the solution of the para- | 
casein and the production of flavor, has long been maintained by 
different investigators. This could be brought aliout bj' bacteria, , 
either directly through the metabolism of the living cells or indirectly 
through the action of enzymes secreted by them. In the latter case 
the action would be continued after the bacteria had entirely dis- 
appeared. Even with bacteria present in large numbers it is difficult 
to explain by the direct action of cells the extensive proteid decom- 
position that takes place in cheese. The amount of nitrogenous matter 
actually needed by bacteria for food is exceedingly small and a decom- 
position becomes marked only when, through the action of an excreted 
enzj'rae, the proteid is broken down in quantities greatly in excess of 
the needs of the organism. It is likely that the insoluble curd could 
be extensively changed by bacteria only through the agency of such 
an enzyme; and the probability of the conversion by intracellular 
action of the soluble bodies already formed by galactase and pepsin 
into the lower amides and ammonia in the quantities usually found in 
cheese seems remote. 

In studying the relation between bacteria and the ripening of cheese, 
it is not sufficient, as some investigators have .seemed to think, to 
isolate bacteria from cheese and test their ability to produce, when 
grown in pure culture in milk, cheese-like flavors and aromas. As 
Freudenreieh has pointed out, cheese ripening is essentially a decom- 
position and the flavor is due to certain simple decomposition products 
not peculiar to cheese but belonging to proteids in general; these 
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bodies may be formed under favorable conditions by many species of 
putrefactive bacteria. The conditions existing in milk, and especially 
in milk containing a pure culture, are entirely unlike those existing 
in hard cheese, and results obtained in this way can not be logically 
applied to the whole problem of cheese ripening. To prove that any 
particular group or species of bacteria is the tause of cheese ripening 
or of any specific phase of it, it is necessary to show not only that 
these bacteria ai'c present in the cheese, but that at the time these 
changes occur they are present in numbers sufficiently large to account 
for the phenomena, and that they are able, under similar conditions, 
to produce similar changes; if the bacteria have been present at an 
earlier stage, but have disappeared before the changes in question 
occur, it must be demonstrated that they secrete an enzyme capable of 
producing these results. With the complex conditions existing in 
cheese it is not easily possible to observe all of these rules with any- 
thing approaching exactness, but with our present knowledge of cheese 
ripening it is possible, by artiiicial fermentations, to secure results 
fi'om which we may safety draw conclusions applicable to cheese- 
ripening problems. 

THE DIBECT ACTION OP BACTBKIA, 

Sufficient work has already been done on the bacteria in various I 
kinds of cheese to thi-ow considerable light on this part of the prob- j 
lem. In Europe, especially, a great deal has been written on the rela- J 
tion of bacteria to cheese ripening. Most of the European bacteriol- 
ogists have followed Duclaux in ascribing the essential rSle to bacteria I 
of the liquefying class. Duclaux's'" conclusions were based on the ] 
ability of certain bacteria, which he called the "Tyrothrix,'' 
milk so as to produce cheese-like flavors. Freudenreich has shown J 
repeatedly that while the lactic bacteria develop rapidly in Emmen- 
thaler cheese and soon attain enormous numbers, the liquefying bacteria 
of the Tyrothrix, or hay bacillus group, find in hard cheese unfavorable 
conditions and never multiply even when artificially introduced in 
large numbers. The lactic-acid bacteria increase i-apidly for a short I 
time, and a slow decrease follows. Old Emmenthaler, even when J 
showing signs of putrefaction, contains a comparatively small number I 
of bacteria." 

The only exhaustive quantitative bacteriological study on An 
Cheddar cheese is that of Russell and Weinzirl." They found a slight j 
decrease in the total number of bacteria in the first day or two after 
making, followed by a rapid increase. The maximum was rea<;hed i 
in 4 to 24 days, depending apparently on the temperature at wliich I 
the cheese was kept, and then began a decline, rapid at first, but 
soon becoming more gradual and continuing as long as the cheese 
was examined. The increase was confined to the lactic-acid bacteria 
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with sometimes a slight increase in the gas formers. The digesting 
bacteria did not increase, but, on the contrary, soon almost completely 
diappeared. 

Work done by Harrison," partly at the Wisconsin Station and 
partly in Canada, shows that these results are correct for American 
Cheddar in general; by studying the bacterial flora of three Canadian 
cheeses for an extended period, he obtained results confirming, with a 
few minor exceptions, the conclusions of Russell and Weinzirl. On 
the basis of these results, together with those of Freudenreich, which 
are doubtless applicable to all hard cheese, the only bacteria capable 
of directly influencing cheese ripening are those of the lactic-acid- 
forming group. This necessarily assumes for this group the ability 
to eflfect extensive changes in the cheese proteids. It has been main- 
tained by Freudenreich that the lactic-acid bacteria, or at least certain 
varieties which he finds predominating in Emmenthaler cheese, possess 
this ability. By growing them in sterile milk, in which their action 
was prolonged by neutralizing the acid formed with calcium carbonate, 
he found a decided increase in the amount of soluble nitrogen, of 
which a large part was in the amido form.** This work has not been 
confirmed. In repeating these experiments Nicholson," working at 
the University of Wisconsin with lactic-acid bacteria from cheese, 
was unable to detect any appreciable increase of soluble nitrogen in 
milk cultures in which the acid had been neutralized with sodium 
carbonate. 

It has also been suggested that the digestion of milk casein was not 
comparable to the digestion of paracasein. Chodat and Hofman- 
Bang" tested the digestive ability of lactic-acid bacteria by growing 
them in a medium made by coagulating milk with rennet, washing 
! until Fehling's solution failed to give a test for sugar, drying and 

; using about li grams with a suitable amount of water. By removing 

i the sugar the inhibitory effect of the acid was avoided and the bacteria 

{ were allowed to grow unchecked for 81 days. At the end of this 

; time there was no appreciable increase in soluble nitrogen. This work 

1 is, however, open to criticism in that the removal of the sugar pre- 

vented the formation of the first decomposition product and possibly 
the further digestion of the paracasein. 

Freudenreich's *^ hypothesis of the relation of lactic-acid bacteria 
to the ripening of Emmenthaler cheese is based largely on his experi- 
ments in which cheese made from heated milk, or from milk in which 
the bacteria had been largely excluded by aseptic conditions, ripened 
normally only when lactic-acid bacteria developed. While Van Sl3'^ke 
and Hart do not maintain that the acid salt is an essential step in the 
digestion of casein by enzymes other than pepsin, the}^ do show that it 
is digested in normal cheese ripening. It is probable that this is a 
necessary step in the breaking down of the curd and it is possible that 
Freudenreich's cheese failed to ripen, not because the direct action of 
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the lactic bacteria was wanting, but because of the absence of the 
lactate of paracasein formed indirectly by this group of bacteria. 

In the paper mentioned above, Freudenreich admits the probable 
action of galactase, and probably a liquefying coccus, in the digestion 
of the curd; but still maintains that the production of the lower by- 
products, and consequently the flavor, is due to the action of the lactic 
bacteria. If, as Freudenreich evidently assumes, the lactic bacteria 
change peptones and other soluble proteids into amides and ammonia 
without the agency of an enzyme, cheese held at a comparatively high 
temperature, where the ripening is more active, should show a larger 
number of lactic bacteria than cheese made under identical conditions 
but held at a temperature low enough materially to check the ripen- 
ing. If other bacteria play a direct part in forming amides and 
ammonia there should be a differentiation, qualitative or quantitative, 
in the bacterial flora of the two cheeses. Babcock and Kussell,^* in 
a paper on the effect of differences in temperature on the ripening of 
Cheddar cheese, discuss the comparative flora of high and low temper- 
ature* cheeses, without, however, going into details. In both cheeses 
the lactic-acid bacteria were soon predominant. The development 
was slower in the cheese cured at low temperatures but persisted for 
a longer time, while in the high-temperature cheese the numbers were 
greatly diminished and persisted for a shorter time. They also state 
that there was a qualitative differentiation and suggest that this has 
possibly a relation to the change in flavor.^ 

BACTERIAL FLOEA OF CHEDDAR CHEESE. 

CHEESES I AND II. 

The work which has alread}^ been done on the bacteria of cheese 
leaves little question as to the general nature of the flora of hard cheese. 
It has seemed advisable, however, to go over a part of the ground 
again in connection with a general investigation of the changes and 
flavors of cheese. Certain phases of the subject have been selected for 
review and especially the effect of temperature on the flora and its pos- 
sible connection with the flavor. As the material for beginning this 
preliminary investigation, two cheeses were obtained from Cook 
Brothers, of Lewis County, N. Y., made in their factory under com- 
mercial conditions from purchased milk. They represented normal 
American factory cheese in every way, except being of the Young 
America size, and consequently liable to become abnormally dry. 
This was prevented by giving them a heavy coating of paraffin soon 
after they were received. The two cheeses were made together and 

« Since this paper was written, the results of an extensive investigation on this 
question have been published by Harrison and Connell.*' These confirm, in a 
general way, the results given in this paper. 

2592— No. 62—04 2 
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separated only at the press. They were shipped on the third day 
after making and were 7 days old when received at the laboratory. 

Cheese I was placed in a refrigerator at a temperature of 10^ to 12^ 
C, where it remained for about one month, when it was changed to a 
specially constructed curing box, in which the temperature varied from 
5^ to 10° C. Cheese II remained at room temperature (20° to 25° C.) 
for 1 month, when it was transferred to a curing box so constructed 
that it could be held at a constant temperature of 23° C. Cheese II 
ripened rapidly. When only 36 days old it was already well ripened; 
at 50 days it still had a mild flavor, but at 80 days the flavor was sharp. 
It deteriorated very rapidly after reaching its prime until at 123 days 
it was so strong, both in flavor and odor, as to be unfit to eat. On the 
other hand Cheese I ripened very slowly. At 81 days it still had a 
distinctly unripe taste, but when 123 days old it had developed a very 
fine mild flavor. 

The difference in the composition of the two cheeses, when matured, 
is given in the following table: 



Table IV. — Per cent nitrogen of cheese in Cheeses land IlwJien 123 day^ 


) old.*'' 


In the form of— 


Cheese I. 

0.85 
.35 
.42 
.08 


Cheese IL 


Total soluble 


2.0O 


Albumoses and peptones 


.38 


Amides 


1.38 


Ammonia 


.24 







a In making the chemical analyses given in this paper the methods given by Van Slyke and Hart** 
were followed. The amides and ammonia were determined in the filtrate from tannic-acid sodium - 

chloride precipitate, and the albumose and pepton nitrogen was obtained by difference. The latter 
thus includes all proteids precipitated by tannic acid. 

The essential difference is found in the high amide and ammOnia 
content of the highl}^ flavored cheese, compounds which, as has already ^ 

been pointed out, are characteristic of bacterial digestions rather than ^ 

of digestion by pepsin or galactase. 

The bacterial flora of these cheeses was studied from the time they 
were received until they were completely ripe, not, however, with 
any attempt to separate and describe the various species present. 
While this would be desirable, it is doubtful if the value of work of i, 

this nature, especially when the present condition of systematic bac- 
teriology is considered, is suflScient to repay the great labor involved. 
The object of this part of the investigation was to determine if differ- 
ences in temperature resulted in a differentiation, qualitative or quan- v 
titative, in the bacterial flora and, if any differentiation occurred, ' 
whether or not it bore any relation to the differences in flavor. For 
this purpose it was enough to determine the total number of bacteria 
and to separate them in a general way into groups. 

In the bacteriological examination of cheese certain peculiar diffi- 
culties are encountered that render the most carefully obtained results 
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more or less inaccurate. Slight variations in the texture or the i 
mechanical arrangement of the curd at the time of pressing cause an 1 
unequal distribution of the bacteria, and this difference is intensified i 
by the relatively small sample that can be used. An even more serious 1 
difficulty is the extremely large dilations that must be used, especially 1 
when the cheese is still young and the number of lactic-acid bacteria la j 
large. If one uses a dilution large enough to allow a count of the lac- 
tic colonies, there will be at most only an occasional colony of the less 
numerous forms and an accurate count can not be made. On the { 
other hand, if a small dilution be used the lactic colonies will he so 
numerous as to inhibit the growth of all species less resistant to acid. . 
However, exact numerical results are not essential. It is sufficient if ] 
we know what species occur and approximately the numbers present. 

The results of the bacteriological examinations of Cheese 1 and j 
Cheese II are given in Tables V and VI. The ordinary method was j 
emploj'ed of grinding a weighed sample of the cheese with sterile | 
sugar and diluting with water. For the lactie-acid bacteria, lac^to^e I 
gelatin was ased with the addition of sterile litmus solution, and for 1 
the nonlactie forms the ordinary beef extract pept«n gelatin. The I 
yeasts were determined by adding to each tube of gelatin sufficient 1 
tartaric acid to inhibit completely the growth of bacteria. 



T* 


BLK V. — Bnfteria and !/«aJi(» per gram in Chefse I, ripenfo 


of J!° to 10 


"C. 


ToUl harte- 
1 seams. 


b^tori^. 


'■-■ 


"■^^^ 


' w 77» urn 


W.STO.DOO 
21,»7O,0O0 
4,+16,DUU 
4,1M,«M 
2.717.000 


200,000 
:229,0OO 

55.700 






j 22.19fi.000 








3S 

50 


; «,210,7«) 

1 2.772.600 


MX) 






438,000 

s,m.oDO 

4fi.600 


11, M» 
7.050 


S,100 
2,801) 


IM 


s.Bis.tao 


'*" 1 







Table Vl.—Biu-- 



<• Alkaline KelBtln. 
'1 and ji&iitu in Chrtu II, riperutil <« sn' to S6° C. 



Age (d«ir«). 


Total bacte- 
ria Htid 


bactoilB. 


.^ 


Oquelylin 

bacleria. 


^ 


afi.B7S,0UU 

Mfl,OK) 
187,000 
280,900 


I1B,360,000 
lt,H3,000 
638.000 

2se,ooa 


318.000 
4,000 
5.650 
200 














■iZ 




z 










10, 800 
<2,H» 


42,000 



















■ Alkaline seUtln. 
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DISCUSSION OP TABLES V AND VI. 



The results given in Tables V and VI, agree in a general way with 
those of Russell and Weinzirl, and Harrison. The flora proved to be 
made up almost entirely of lactic-acid-forming bacteria. Yeasts were 
present in considerable numbers, but decreased slowly in the low- 
temperature cheese and more rapidly in the one held at the high 
temperature. 

The total bacteria. — The bacteria had reached their maximum at or 
before the time the first examination was made. In Cheese I the 
decrease was rather rapid for a short time and then very gradual up 
to 123 days. The recorded increase at that time was not actual, but was 
due to the presence on these plates of a large number of extremely 
small lactic colonies. The plates on this date were plain pepton gela- 
tin without the addition of litmus, while in the earlier plates, made 
with considerable litmus, these colonies, on account of their small size 
and weak acid formation, were probably entirely overlooked. At 
this time they made up nearly the entire acid-forming flora. There 
were in both cheeses a comparatively small number of inert forms of 
various kinds, but as the}^ were present in unimportant numbers no 
accurate count was made. A large number of subcultures were made 
from this group from time to time, but there was no particular pre- 
dominating form and no differentiation in favor of either cheese. 

In Cheese II the decrease was very rapid, the total falling in the 
second week from 66,000,000 to 3,000,000, and in the third week to 
about 500,000. It is probable that these numbers are somewhat low, 
as the small lactic colonies mentioned under Cheese I were present 
in considerable numbers at 123 days. These colonies were almost 
microscopic, and an accurate count could not be made. However, 
their number was estimated at 2,000,000 to 3,000,000 per gram. They 
were designated as the bb type. Subcultures were made from these 
colonies and the effect of this species on bouillon and on litmus milk 
was observed. In the bouillon the growth was at the bottom only. 
Milk was curdled very slowly, and the litmus changed to pink. There 
was no digestion. 

The liquefying hacterla, — In the first two sets of plates made with the 
dilutions necessary for the large number of lactic bacteria, no liquefy- 
ing colonies appeared. In the later examinations plain pepton gelatin 
plates were made with small dilutions, and liquefying bacteria were 
found in comparatively small numbers. It was found that the number 
of liquefiers could be more accurately determined by adding to each 
tube of 6 or 7 cubic centimeters of pepton gelatin 1 cubic centimeter 
of N/lO NaOH. This amount is suflScient to inhibit greatly most of 
the acid-forming species without materially retarding the liquefying 
forms, (bunts obtained by such methods are necessarily inaccurate, 
as some of the liquefiers would probably be inhibited by a strongly 
a}kB)jne medium. In these two cheeses, at least, the liquefying bac- 
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teria pei'sisted in small but appreciable numbers for some time, and i 
did not, as both liussell and Harrison have stated to be the case 
hard cheese, almost completely disappear in a sbort time. These 
were not entirely, as might be expected, colonies of spore-forming 
bacteria of the hay bacillus type, but included, especially in the first 
few weeks, many colonies of a coccus forming a small saucer -shaped 
liquefaction, with a round white or straw-colored colony in the center, ■ 
The total number of liquefiers decreased slowly in both cheesea and, 
like the other groups, more rapidly in Cheese II. 



In continuance of the same line of investigation, a similar examina- 
tion was made of two cheeses made under the personal supervision of i 
the writer at the New York Agricultural Experiment Station on the I 
39th of January, 1903. The mixed milk of two days was used. Part ' 
of this was held overnight without cooling, in order that the bacteria 
might develop in a normal manner. At this time, on account of the 
recent loss of the station barns by tire, the heixi was stalled in tem- 
porary sheds. Notwithstanding these unfavorable surroundings, the 
milk was in letter than average condition, as the bacteriological exam- 
ination shows. The milk was ripened by Hansen's dry lactic ferment, 
and the cheese was made by the usual Cheddar method. At the time 
of pressing the curd was separated into two equal parts and pressed 
as two Young Americas, each weighing about 9 pounds. On the fol- 
lowing day they were taken from the press and shipped by express. 
They arrived in Washington twenty-four hours later, and were trans- 
ferred at once to the curing boxes, Cheese IV", at23°C., and Cheese V 
in the one held at 5-10*^ C. Gelatin plates were made from the milk 
before adding the starter and from each cheese after taking from the 
press and at short intervals up to 133 days. 

For some unknown reason these cheesea ripened very slowly. In 
Cheese IV, when 77 days old, while the curd was apparently well 
broken down, there was very little flavor, and 20 days later, although 
some advancement waa shown, it was still only slightl}' developed. 
Cheese V at 77 days still had the flavor of green cheese, although the 
texture showed considerable change. Twenty days later there was 
apparently a slight increase in flavor. The progress of the ripening 
ia well illustrated bv the chemical analysis made at 77 days and given 
in Table VII. 

Tablb VII. — 1^ cent mlrogoi ih Cheeie IV and Che.cse Vwliet\ 77 days old. 
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The relatively high amount of water-soluble nitrogen and the low 
amount of amides and ammonia agree with the condition of the texture 
and flavor at this time. The bacteria were determined as before by 
the use of lactose-litmus gelatin for the lactic group, and alkaline- 
pepton gelatin for the liquefiers. Only approximate results can be 
obtained for the latter group by this method on account of the fre- 
quent rapid growth of colonies of the Jiay bacillus type necessitating 
a count before the smaller colonies have developed. 

Table VIII. — Number of bacteria per gram in milk and in Cheese IV. 



Product and age (days). 



Milk (10 c. c.)a. 

Cheese: 

1 

3 

7 

II 

15 

35 

42 

53 

65 

77 

95 

116 

133 



Total 
bacteria. 



435,000 

17,103,800 
62,015,600 
29,148,000 
12,556,100 
36,375,700 



16,335,200 

19,418,400 

12,888,200 

3,379,000 

1,130,000 

929,200 

366,700 



Lactic group. 



Liquefying group. 



Total. 



99,000 

17,090,000 

62,000,000 

29,118,000 

12,540,000 

36,360,000 

49,800,000 

16,320,000 

19,400,000 

12,880,000 

3,357,000 

1,122,000 

914,000 

356,000 



214 bb type. 



5,600,000 



6,040,000 

3,949,000 

2,826,000 

794,000 

778,000 

276,000 



Total. 


Hayb 
type. 


214 q 
type. 


214 z type. 


316,000 


6,000 

1,800 
4,800 
6,000 
3,600 
' 6,600 


309,000 

12,000 
8,400 
2,000 




13,800 




15,600 
30,000 
16,100 


2,400 
22,000 
12,600 


16,700 




7,800 



Plates all liquefied. 



12,800 
18,400 
8,200 
22,000 
18,000 
15,200 
10,700 



3,200 



6,100 

10,400 

7,300 

4,900 



15,200 



15,900 
7,600 
7,900 
6,800 



a Plates made immediately before adding rennet. 
Table IX. — Number of bacteria per gram in milk and in Cheese V. 



Product and age (days). 



Milk (10 c. c.) ., 
Cheese: 

1 , 



3. 
7. 

11. 

15. 

35, 

42. 

53. 

65. 

77. 

96. 
116. 
133. 



Total 
bacteria. 



436,000 

25,906,600 
56,626,500 
36,098,'000 
25,456,400 
51,454,000 
30,417,400 
54,793,500 
55,884,200 
60,504,600 
56,555,000 
19,607,900 
19,104,800 
25,989,900 



Lactic group. 



Total. 



99,000 

25,860,000 
56,600,000 
36,060,000 
25,420,000 
51,440,000 
30,400,000 
54,774,000 
55,880,000 
50,500,000 
56,538,000 
19,600,000 
19,100,000 
25,980,000 



214 bb type. 



3,380,000 
1,020,000 
14,194,000 
10,180,000 
4,950,000 
2,355,000 



Liquefying group. 



Total. 



315,000 

46,600 

25,500 

38,000 

36,400 

14,000 

17,400 

10,500 

4,200 

4,600 

17,000 

7,900 

4,800 

9,900 



Hayb 
type. 



6,000 

2,400 
4,100 
8,000 
10,000 
5,500 
3,000 



3,800 



2,600 
6,600 



214 q 
type. 



309,000 

43,200 
18,600 



2,400 

4,500 

600 



214 z type. 



2,800 

80,000 

24,000 

4,000 

6,400 



13.200 



2,200 
8,300 
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In these cheesea the separation into groups was caiTied soiiiewhat I 
further than in Cheese I and Cheese II. Included in the lactic group j 
is the hb type already mentioned as oliserved in the late stages of the I 
ripening of Cheese I and Cheese II. In the liquefying group are 
included, in addition to the common hay bacillus, the type 214 q (a | 
coccus foniiing small white or stmw-colored colonies surrounded by a I 
saucer-shaped liquefaction) and the 214z type, a liacillus forming i 
very small cup-iike liquefaction with a white film of growth over the J 
surface; 214 q is probably identical with the coccus occurring i 
Cheese I and Cheese 11, E^ch of the two latter types probably 1 
included more than one variety. 

Th^ tolaliacte-ria. — ^The striking feature of the flora was the long | 
duration of the comparatively high numbers: The maximum number J 
was reached in each cheese at or soon after the third day. This was i 
followed in Cheese IV by a comparatively small drop to a number that 
was held for a long time. A second decided drop occurred at 77 di 
ill Cheese IV, and at 95 days there was a distinct decrease in Cheese V. 
This change corresponds in a general way with the change in the 
flavor. In other words, the development of the flavor-producing 
compounds and the bacterial changes apparently remained at a stand- 
still for several weeks. 

The lactic gToup. — Since the total is made up almost entirely of 
lactic bacteria, what has l>een said of the total will apply also to the , 
latter group. The numbers given for this group, as well as those of 1 
the totabi, show more or less varmtion due largely to the erratic | 
growth of the bb type, previously mentioned. Slight variations in 
the conditions sometimes entirely suppressed the formation of colonies 
of this typo, which in connection with the difficulty of making an 
accurate count of colonies almost microscopic in size, will account for 
most of the variation in numbers. There was apparently no real, but 
rather only a relative, increase of the bb type in the high-temperature 
cheese. There was in these cheeses a decrease in this group, but it 
was much slower than that of the other varieties, and at 95 days it i 
made up almost the entire lactic group. 
. The liqaefyiny yroup. — Numbers given under this heading can be 
considered only as rough approximations, indicating in a genei'al way 
the kinds of liquefiers present and their relative numbers. There was 
evident a distinct decrease in the total, confined largely to the 214 q 
type. This coccus decreased with some rapidity in the high-tempera- 
ture cheese, practically disappearing atT days, while in the low-tem- 
perature cheese it persisted for about 30 days longer. There was an 
apparent increase in type 214z, but this may have been because these 
colonies developed .slowly and were o\erlooked on the first few sets I 
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of plates. With these two exceptions this group maintained fairly 
constant numbers throughout the entire period. 



CHEESES VII AND VIII. 



A third pair of duplicate cheeses were made for this investigation 
under commercial conditions by Cook Brothers, of Lewis County, 
N. Y., and shipped in an ice chest on the second day after making. 
They were made the last of June and were 5 days old when received, 
but, as the chemical and bacteriological analyses show, were prac- 
tically fresh. Cheese VII was stored in a large refrigerator. This 
held ordinarily at about 12° C, but during the hot weather it went a 
few times above 15° C. In the latter part of the ripening the tem- 
perature ranged between 8° and 12° C. Cheese VIII was held at a 
constant temperature of 23° C. Cheese VII ripened slowly and nor- 
mally, showing at 90 days a fine, smooth texture and clean flavor, 
with only a slight sharpness. At 164 days, although overripe and 
somewhat sharp, it was still in fair condition. Cheese VIII, on the 
other hand, was well ripened when 37 days old. It had then a clean 
flavor with only a slight sharpness. At 93 days it had a strong odor 
and taste and was entirely unfit for use. Chemical analyses made 
from time to time to show the progress of the ripening are given in 
the following table: 

Table X. — Relative rate of ripening of Cheeses VII and VIII. 





Ripening 

tem- 
perature. 


Age. 


Per cent nitrogen of cheese in the form of— 


Cheese number. 


Total 
soluble. 


Albumoses 

and 

peptons. 


Amides. 


Ammo- 
nia. 




°a 


Days. 










VII 


10-12 


5 
37 


0.24 
.79 


0.14 
.42 


0.10 
.30 


0.00 




.07 






93 


1.07 


.61 


.40 


.06 






136 


1.27 


.68 


.49 


.10 


vni 


'23 


5 
37 


.21 
1.06 


.15 
.45 


.06 
.49 


.00 




.11 






93 


1.30 


.57 


.65 


.08 






136 


1.50 


.56 


.75 


.19 



Bacteriological analyses were made as before with lactose litmus 
gelatin for the determination of the lactic bacteria and with alkaline 
gelatin for liquefiers. The results are given in the following table: 
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Table. XI. — Number of bacteria in Cheeses VII and VIII. 



Age (days). 



Cheese VII: 

6 

9 

16 

23 

30 

37 

88 

112 

134 

Cheese VIII: 

5 

9 

16 

23 

30 

37 

88-. 

112 

134 



Total 
bacteria. 



157,950,000 



74,682,300 
41,620,600 
76,901,200 
40,140,600 
12,972,200 
1,031,400 
637,800 

151,140,000 

90,950,000 

84,880,600 

24,792,000 

11,840,000 

5,621,200 

961,400 

188,000 

12,000 



Lactic. 



Total. 



156,640,000 

114,160,000 

74,680,000 

41,620,000 

76,900,000 

40,140,600 

12,970,000 

1,030,000 

637,000 

147,580,000 

90,150,000 

84,880,000 

24,790,000 

11,840,000 

5,620,000 

961,000 

188,000 

12,000 



Small 
colonies. 



3,600,000 
5,120,000 



4,820,000 



6,560,000 

1,860,000 

1,520,000 

310,000 



Liquefiers. 



Total. 



1,310,000 



2,700 
600 

1,200 
600 

2,200 

1,400 
800 

3,560,000 

800,000 

600 

2,000 



1,200 
400 



214 q. 



1,310,000 



2,300 
600 
800 
600 
2,000 
1,400 
400 

3,560,000 

800,000 

600 

1,200 



800 



DISCUSSION OF TABLE XI. 



The total hdcteria, — In the low-temperature cheese the bacteria 
decreased slowly, nearly one-fourth of the initial number remaining at 
37 days. In Cheese VIII the decrease was comparatively rapid, show- 
ing at 37 days only about one-thirtieth of the initial number. At 112 
days there were present in Cheese VIII less than 200,000 per gram, 
while in Cheese VII, at the same age, there were still over 1,000,000. 
The total was made up, as usual, almost entirely by lactic-acid bacteria. 
The variety forming very small colonies was present and showed, as 
before, more ability to resist unfavorable conditions. Otherwise there 
was no differentiation apparent as the ripening proceeded. 

The liquefying bacteria. — ^The plates made on the day these cheeses 
were received showed a considerable number of liquefying bacteria of 
the 214 q type already noted as occurring in each of the four cheeses 
previously examined. These high numbers dropped immediately, 
and, although liquefiers were present in both cheeses for some time, 
they were in small numbers only. Excepting this type, these cheeses 
were almost entirely free from ordinary liquefiers. The small num- 
bers included under the total were occasional colonies, mostly of the 
hay-bacillus type. 

In addition to these two types there was present, and included with 
the lactic bacteria, a species liquefying gelatin so slowly that it would 
ordinarily be entirely overlooked. On the alkaline gelatin plates the 
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colonies appeared as good -sized lactic colonies. When growing on or 
near the surface they became surrounded by a very slight depression 
noticeable only when seen from a sharp angle. On lactose-litmus 
gelatin plates they appeared only as large lactic colonies surrounded 
by a red zone. The liquefaction of gelatin seems to be partiall}^ 
inhibited by the presence of lactose. In stab cultures the gelatin is 
liquefied very slowly, the liquefaction beginning at the surface and 
extending downward along the line of inoculation. In the course of 
time the upper part of the gelatin becomes entirely liquefied. On 
account of the difficulty in distinguishing the colonies of this species 
from those of the ordinary lactic forms, no separate count was made, 
but in Cheese VII, when 112 days old, probably about 10 per cent of 
the total bacteria were of this type. A careful examination of Cheese 
I, made when it was about one year old, showed that this species was 
still present in small numbers. 

THE EFFECT OF TEMPERATURE ON THE FLORA OF CHEESE. 

The efl!ect of the temperature on the flora, as indicated by the six 
cheeses examined, may be summarized as follows: An increase in the 
ripening temperature resulted in a rapid decrease in the number of 
bacteria of all kinds; in the cheeses cured at a low temperature the 
decrease was much slower, corresponding in a general way to the 
retarded ripening of the cheese. In other words, the decrease of the 
bacteria was directly proportional to the rate of ripening. Although 
a temperature of 23° C. is known to be much more favorable to the 
development of bacteria than a temperature of 10-12° C, there was in 
no case, and at no stage of the ripening, an increase in the number of 
bacteria in the cheeses at the higher temperature. We find also that 
the variation in the temperature conditions produced no differentiation 
in the kinds of bacteria present. At no time in the ripening of these 
cheeses could there be detected in one cheese a species which was not 
present in its duplicate. In the high-temperature cheeses, where the 
development of certain kinds of bacteria might be expected, the rapid 
decrease in numbers was not confined to the lactic bacteria, but included 
all other species. The only kinds not showing a rapid decrease in 
numbers were the spore-forming liquefiers. With the possible excep- 
tions of Cheese IV and Cheese V, these were present in small numbers 
only, and while they did not decrease distinctly there was at least no 
increase. 

These results do not confirm the commonly accepted theory that the 
undesirable flavor of high-temperature cheese is due to the develop- 
ment of abnormal bacteria. On the contrary, it is evident that, in these 
cases at least, the undesirable flavor was brought about through some 
other agency and in all probability by the accelerated action of enzymes 
which were present in the cheese when it was made or developed in the 
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earlier stages of tlw ripening. The more favorable temperature con- 
ditions taused a more active metabolism, which waa responsible for, or 
at leawt was coincident with, the i-apid decroase in the tmcteria. It ia ' 
also evident, both from the chemital unalytwK and from the develop- 
ment of flavor, that important changes were taking place after the 
bacteria had reached very low numbers. This is well illustrated by 
Cheese VIII. In the period between the ages of 93 and 136 days there 
was a decided increase in total soluble nitrogen, confined almost entirely, 
in so far as the analyses show, to ammonia. At this time there was 
present only an insignificant number of lactic-acid bacteria. 
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It seems safe to conclude fi-om these results that the bacteria 
have little or no direct action in the formation of flavor -producing 
compounds. In tiiis regard this work conlirms the views brought 
forward in a recent paper by Van Slyke and Hart ", in which they 
compare the earbon dioxide production of a normal cheese with one in 
which vital activity had been suppressed by the addition of chloroform. 
In the latter carbon dioxide was produced for a short time and then 
almost completely ceased, while in the noimal cheese it was continued 
m considerable quantity for a long period of time. In the normal 
cheese the carbon dioxide production continued steadily for over 300 
days and was apparently little influenced by the usual decrease in the 
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number of Imcteria, altlioiigh, as all work along this line has prcn 
the bai^teria muMt have reached, in the latter jmrt of this period, ■ 
low numbers. In the chloroformed cheese the amido bodies, 
present in amounts nearly as great as those of the normal cheese, weM 
confined larj(e!y to the primary amides and ammonia was not formedJ 
On the other hand, in the normal cheese the amido bodies were stilM 
further broken down into the secondary compounds and into ammonia. 
They attribute the greater part of the carbon dioxide formation, after 
the early acid fermentation, to its liberation by the breaking up of 
the amido bodies, and conclude that this must be brought about by the 
action, direct or indirect, of bacteria, which are suppressed by the 
presence of chloroform. There could have been in the milk from 
which the chlorofrom cheese was made no enzyme able to form thej 
simple decomposition products which the.se investigators have foun4a 
to be characteristic of well-ripened cheese. 

In view of the results of investigation reviewed and reported berein,„l 
it seems very improbable that the production of secondary amides andl 
ammonia in normal cheese is due to the direct action of bacteria. T 
A much more rational explanation is that there is secreted by bacteria, 
either in the milk before the cheese is made or in the cheese itself 
during the earlier stages of the ripening, proteolytic enzymes able to 
break up proteids into secondary amides and ammonia. The next step- 
desirable, therefore, is to consider bacterial enzymes and their sourci 
when occurring in cheese, 

BACTRRIAL ENZYMES. 

The secretion of soluble proteolytic enzymes is comparatively com-J 
mon among bacteria, and the causal relation of these enzymes to then 
ripening of cheese has often been suggested. Duclaux '", who \ 
one of the first to support the bacterial enzyme theory, based I 
opinion on the ability of his "Tyrothrix" bacteria to secrete &iij| 
enzyme, the so-called casease, capable of digesting milk with the foiV 
mation of cheese-like flavors and aromas. But this theory is sup^l 
ported by so little experimental evidence that it can be cousiderec 
only as an hypothesis. Freudenreich, as has already l>een mentioned, 
has shown that these bacteria occur in normal Emmenthaler cheese in ' 
small numbers only and never increase, even when introduced 
large numbers, Freudenreich ", while maintaining the importance of 
lactic-acid bacteria in the ripening of hard cheese, has suggested the ■ 
possibility that the enzyme of a certain liquefying coccus plays a part 
in the decomposition. Jensen ', in a paper on enzymes in cheese,! 
expresses the belief that certain lactic-acid Iiacteria isolated from ' 
Emmenthaler by Freudenreich are able to secrete a casein-digesting 
enzyme, but his efforts to demonstrate its existence gave only negative 
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results. In the aame paper Jensen attempts to demonstrate that bac- 
terial enzymes are developed in Emmenthaler as it Hpens. While his 1 
concluHions are probably correct, his methods are open to criticism in 
that he has assumed that the presence of 0.1 per cent of formaldehyde 
excludes very largely the action of galactase without materially 
affecting the action of bacterial enzymes. Van Slyke, Harding, and 
Hart *f ™' have shown that the action of galactase is only partly 
inhibited by this amount of formaldehyde. Jensen's work indicates 
thatthereexist inripe Emmenthaler enzymes which are able to increase 
the less complex decomposition products when the cheese is allowed to I 
digest in the presence of formaldehyde. These enzymes seem to be j 
absent in young cheese. 

In studying the relation of bacterial enzymes to Cheddar cheese 
ripening, in the investigation here recorded, the writer has employed I 
a somewhat similar method. At various stages of the ripening 
samples of 25 grams each were tli-awn from the cheese, triturated 
with quartz sand, liffj c. c, water, and 4 c. c. {2 pev cent by volume) 
chloroform added, and the mixture held in sealed Hasbs in the high- 
temperature (23^ C.) curing box. Chemical analysis made of dupli- 
cate samples gave the initial composition before the digestion. By 
eliminating in this way the ai'tion of the l>acteria and allowing the i 
enzymes to continue theii' digestion it was possible to obtain some ' 
indication of the nature and relative amounts of the enzyme-s present i 
at successive stages of the ripening. In results obtained by this i 
method the greatest considei-ation must be given to increases in the I 
amides and especially in the ammonia. While galactase may increase 
the amido nitrogen to some extent, this type of decomposition prod- 
ucts is more characteristic of the bacterial enzymes. The presence of 
ammonia may be considered a very good evidence that bacterial 
enzymes are active in the digestion. Concordant results were obtained 
from all the cheeses of which bacteriological examinations were made, 
but, because tbey were more complete, only those from Cheese VH 
and Cheese VIII are here recoi-ded. 

In Table XII are given the results of an autodigestion of water ' 
suspensions made from Cheese VII and Cheese VIII as soon as they ' 
were received. They were at thin tune 5 days old but were prac- i 
tically fresh cheeses as they had been hold most of this time at a low ' 
temperature. The bacteriological examinations showed a large num- 
ber of lactic-acid bacteria and liquefying cocci. 
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Table XII. — Digestion in water suspensions j made from Cheese VII and Cheese Vllly 

when 6 days old. 



Cheese number. 



VII 



VIII 



Ripening 
temper- 
ature. 



10-12 
23 



Age of 
extract. 



Days. 



85 

134 



85 

134 



Percent nitrogen of cheese in the form of- 



Total 
soluble. 



0.24 
1.60 
1.81 
.21 
1.53 
1.62 



Albumoses 

and 
peptons. 



0.14 
.57 
.47 
.15 
.51 
.51 



Amides. 



0.10 
.96 

1.23 
.06 
.91 
.99 



Ammo- 
nia. 



0.00 
.07 
.11 
.00 
.11 
.12 



The digestions from the two cheeses show some diflferences but 
these are no greater than would be expected to occur in duplicate 
flasks from the same cheese, and they may be considered as having 
been practically indentical at this time. The distinct increase in both 
the amido and the ammonia nitrogen indicates that bacterial enzymes 
had already been formed in small quantities. It should be remem- 
bered, however, that these enzymes were working under favorable 
temperature and moisture conditions for a long period of time. 
Under these conditions we would expect, from a typical bacterial 
digestion, a more extended decomposition which would be indicated 
by a higher ammonia content. In cheese ripened at this temperature 
we would expect to find a considerably higher percentage of ammonia 
at 134 days, although the small amount of moisture would be much 
less favorable to enzyme action. This point is well illustrated by the 
analysis of Cheese VIII made when it was approximately the same 
age as the water extract on its last analysis. For convenience of 
comparison these analyses are arranged in another table. 

Table XIII. — Comparison of digestion of Cheese VIII and of initial water extract of Cheese 

VIIL 



Cheese Vm 

Extract of Cheese VIII . 

Cheese Vni 

Extract of Cheese VIII . 



Held at 



oc. 



23 
23 



Age. 



Days. 

5 



136 

134 



Per cent nitrogen of cheese in the form of^ 



Total 
soluble. 



0.21 

.21 

1.50 

1.62 



Albumoses 

and 

peptons. 



0.15 
.15 
.56 
.51 



Amides. 



0.06 
.06 
.75 
.99 



Ammo- 
nia. 



0.00 
.00 
.19 
.12 



There was, as might be expected, a somewhat higher percentage of 
total soluble nitrogen in the water extract. On the other hand there 
was in the cheese, where the conditions were less favorable, a much 
higher percentage of ammonia, indicating a deeper decomposition. 
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The objection may be made that the difference in favor of the cheese 
may be due to the inhibitory effect of the chloroform contained in the 
cheese extract. While little work has been done on bacterial enzymes, 
it is well known that chloroform has, at most, only a slight inhibitory 
effect on most enzymes. In the following table, which gives the results 
obtained from a digestion made as above from Cheese VIII when it 
was completely ripe, there is nothing to indicate that the bacterial 
enzymes were inhibited: 

Table XIV. — Digestion in water extract made of Cheese Vllly when 37 days old. 



Per cent nitrogen of cheese in the f onn of— 



Age of extract (days). 



Total 
soluble. 



0. 
64 



1.05 
1.76 



Albumoses 

and 

peptons. 



0.45 
.37 



Amides. 



0.49 
1.20 



Ammo- 
nia. 



0.11 
.19 



In these flasks there was a large increase in soluble nitrogen, with a 
marked accumulation of amides and ammonia. In other words, this 
was a typical bacterial digestion, and when it is compared with the 
initial digestion given in Table XII must be taken as indicating the 
elaboration of bacterial enzymes during the ripening of the cheese. 
If we compare this digestion of Cheese VIII with one made, at the 
same time, of its duplicate, Cheese VII, held at a lower temperature, 
we find a weaker power of self -digestion. 

Table XV. — Digestion in water extract made of Cheese Vlly when 37 days old. 





Per cent nitrogen of cheese in the form of— 


Age of extract (days). 


Total 
soluble. 


Albumoses 

and 

peptons. 


Amides. 


Ammo- 
nia. 





0.79 
1.52 


0.42 
.47 


0.30 
.95 


0,07 


64 


.10 







In comparing these two tables it must be remembered that the initial 
amounts of b3^-products were higher in Cheese VIII. When this is 
taken into consideration it will be noted that, while the increase in 
total soluble nitrogen did not differ greatly, the production of amides 
and ammonia was distinctly greater in the extract from the high- 
temperature cheese. 
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This difference is even more marked in the results of digestions made 
when the cheeses were 93 days old and given in the following table: 

Table XVI. — Autodigestion of Cheese VII and Cheese Vllly when 93 days old. 



Cheese VII. 



Cheese VIII. 



Ripening 
temper- 
ature. 



10-12 
23 



Age of 
extract. 



Days. 



I 




97 


97 



Per cent nitrogen of cheese in the form of— 



Total 
soluble. 



1.07 
1.38 
1.30 
2.12 



Albumoses 

and 

peptons. 



0.61 
.32 
.57 
.30 



Amides. 



0.40 
.95 
.65 

1.59 



Ammo- 
nia. 



0.06 
.11 
.08 
.23 



It is very evident from these results that the high-temperature 
cheese possessed much greater power of self -digestion than Cheese VII 
ripened at a lower temperature. This difference could be explained 
only by the development of proteolytic enzymes in Cheese VIII during 
its ripening. From this it seems reasonable to draw the conclusion 
that, while in the high-temperature cheese, bacterial enzymes were 
elaborated, forming amides and ammonia, the low temperature at 
which Cheese VII was held, by inhibiting the vital activity of the bac- 
teria, checked the formation of similar enzymes. It is at least evident 
that there were, even in the low-temperature cheese, enzymes, in all 
probability of bacterial origin, able to break down the proteids into 
the flavor-forming amides and ammonia. 

No sharp line can be drawn between the parts of this work done by 
galactase, by pepsin, and by the bacterial enzymes, but it is certain 
that the work of the pepsin ended with the peptons; galactase probably 
produced a considerable part of the higher decomposition products 
included under the heading ^'Albumoses and peptons," and part of the 
amides; the ammonia was, in all probability, the result of the activity 
of bacterial enzymes. The formation of ammonia presupposes the 
ability to form amides. This removes the necessity for accounting 
for the production of flavor through any intracellular action and 
explains the accumulation of amides and ammonia in cheese with the 
resulting flavors, after the bacteria have almost entirely disappeared. 

SOURCE OF BACTERIAL ENZYMES IN CHEESE. 

In considering the source of ammonia-forming enzymes, only two 
groups of bacteria, the lactic and the liquefying, need be taken into 
account. This does not mean that the number of kinds of bacteria 
possibly connected with the formation of flavors in cheese is narrowed 
down to two species or even to two groups of closely related species. 
Each of the groups mentioned includes many species, many of them 
differing widely in most respects but agreeing more or less closely in 
certain physiological functions. 
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Tlve lactic-acid hacterla. — Freudenreich and Jensen have long main- 
tained that this group, or at least certain species of this group, digest 
proteids presuniahly through the agency of proteolytic enzymes; but 
they have failed to prove that such enzymes are secreted. The worlt 
of Chodat and Hoffman-Bang, and Nicholsen, giving only negative 
results, has already been cited. 

In the bacteriological examinations made of cheese, as already 
described herein, one species of this group was found which liquefied 
gelatin very slowly. This action was so slow that it would, ordinarily 
be entirely overlooked and the organism classed with the lactic-acid 
bacteria. When grown in ordinary milk, an acid curd was formed 
which remained unchanged. To determine the effect of this oi^anism 
& on milk in which the inhibiting action of the acid had been removed, 
inoculations were made into flasks of sterile milk containing a small 
amount of calcium carbonate. The series included also inoculated 
milk without calcium carbonate and uninoculated sterile milk. All of 
the inoculated milks curdled. On shaking, the cmrd separated fioni 
the whey, becoming finely divided in the calcium carbonate flasks, 
■while in the others it remained in large tough lumps. Gelatin plates 
made when the flasks were opened for chemical analysis showed the 
presence of the inoculating organism in large numbers. At this time 
all of the inoculated flasks gave a strong reaction with Fehling's solu- 
tion. The chemical analysis made of these milks when 24 days old is 
given in the following table: 

Table XV'Il. — Digmlion of milk liy ladic-arid baderium £i4 dd. 





mce 


t nUrogt'D of chetae in the Fn 


no. at— 


Treutment. 


Tutsi. 


Q^ein, 


Total 
roluWe. 


Amides. 


^- 




.... 


0.46 
,4B 


O.0fl 


.11 





















This organism evidently had a weak proteolytic a«tion when grown 

in milk containing sutHcient calcium carbonate to combine the acid 

formed, but, on the other hand, had no effect on the casein when the 

' acid was not neutralized. In cheese tlieduiutionof the lactic bacteria 

in comparatively high numbers until the sugar is entirely fermented 

indicates that a large part of the acid is neutralized. Some may be 

aibined with certain of the ash constituents, but it is probable that 

t the greater part is taken up by the casein. In butter, on thecontraiy, 

f where the proportion of casein is very much smaller, the lactic bacteria 

Ldisappear mpidly, leaving a large part of the sugar intact. 

The action of the enzyme of this organism on cheese was determined 
I in the following manner: A flawk of milk with CaCO>, in which 21-i dd 
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had been growing at 30- C. for 30 days, was tillered throuph a Cham- 
berland filter. Two lots each of 26 gi-auis of well-ripened cheese were 
triturated with sand. 171 r. c. water added, and hoth heated in a steam 
bath for 30 minutes at i)o to 100° C. Twenty-five cubic centimeters 
of the filtrate was added to one before heating and an equal amount 
to the other after heating. Four cubic centimeters (2 per cent by 
volume) of chloroform were added and the ttat^ks sealed and held at 
23° C. The analysis, made at the end of J-2 days, is given in the fol- 
lowing table: 

Table X Vlll.—Skou'in'j tlie action of mzynie ofSU dd on tHrilized chi 






FerBenmilmgenad^hBeseinthetormirf— 




JSSL 


peplona. 


*-.»- "ST' 


Heated ^nzjme 


l.» 


.06 






.GO .tg 


, 



w 



Although a considerable quantity of the digested milk was added to 
this cheese extract, the amount of enzyme was so small that it caused 
no appreciable increase of the soluble nitrogen or the decomposition 
products. In view of the weak proteolytic action of this organism, 
even under the most favorable artificial conditions, and the exceed- 
ingly small amount of enzyme which was secreted under these circum- j 
.stances, it seems improbable that it could have any important part 
in the formation of amides and ammonia in cheese. This appears 
even more improbable when we consider the amount of enzyme of 
this type which was evidently present in the high-temperature cheese 
at a comparatively early date. 

TAc li'juefylng bacteria. — Under this heading is included a large | 
group of bacteria characterized by their ability to peptonize gelatin. 
It is this group that is most commonly associated with the cheese- 
ripening processes. In this work two organisms were studied as types 
of the liquefying bacteria. One of these, 214 x, which liquefied gele- 
tin rapidly, occurred in comparatively small numbers in all the cheeses 
examined, and may be taken a.s a type of the resistant bacteria whose 
spore formation enables them to exist in cheeSe after the conditions 
have become unfavorable to growth. The other, 214 q, liquefied 
gelatin more slowly, and. while it was pi'esent in the cheese in large 
numbers for a few days, it decreased rapidly and in course of time 
usually entirely disappeared. When these bacteria are inoculated into 
milk and held at a favorable temperature, their pi^oteolytic action 
is soon made evident by the coagulation of the milk and the rapid 
digewtion of the curd. There is, apparently, a difference in the nature 
of the digestion brought about by these two bacteria. In milk inocu- 
lated with 21i X the casein is completely digested, thetluid becomes 
mther dark-colored, and in course of time small Imndles of cry.fltal3 
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separate from it. With 214 q the caseia is not completely digested 
and the cleai- fluid remains much lighter colored than is the case with 
214 X. 

Ill testing the effect of the enzymes of these bacteria on cheese, a 
water extract was made, as before, from lota of 36 grauis each of 
cheese. The enzymes present were destroyed by heating the cheese 
one-half hourinasteam bath. To this was added lOcc. of thetiltrate 
obtained by forcing a well-digested milk culture through a Chamber- 
land filter. Control flasks were made by heating the filtrate in a 
steam bath for -20 minutes before adding it to the cheese extract. 
Two per cent by volume of chloroform was added and the. flasks were 
held at 23° 0. The chemical analyses of these cheese extiiiots, ipade 
after aninterval of 90 days,^ is given in the following table:. - 

TABLk 'S.l'X..^~Digextion of cheese extract by enzymea from liqiiefyirig imeleria. 
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The filti^te from the milk cultures of eat-hof these bacteria brought 
about an extensive change in the compositidn of the- cheese extract. 
This is especially noticeable in ' the inci-eased content of the simpler 
decomposition products. In the case of the enzyme from iil4c|, the 
increa.se in soluble nitrogen was entirely coritined to the amfides and 
'ammonia; the amount of soluHe proteids remained unchanged. 

It seems highly probable that, in the early stages of the' ripening, 
various liqtiefying bacteria secret*?, or possibly libei-ate^ by the disin- 
tegration of their ceils, proteolytic enzymes, which' by long-continued 
action have a distinct influence on the nature of the by-pi-oducts and 
consequently on the flavor of the ripened cheese. It Isunlikely that 
this ability is confined to one or even to a very few species, although 
"it is pfoba'ble that differeiit species may, by differences in the amoimt 
or nature of the enzyme secreted, produce variations in the product. - 
These questions can be settled onlj' by a more accurate knowledge of 
the kind and proportion of the amides normally present in ripe cheese, 
and of the physiology of the bacteria found in cheese. 

eUMSlARV. 

A review of the literature on the i;'ipeniug of Cheddar cheese shows 
that the important changes in the ripening process probably take place 
as follows: , 

First, a combuialion of lactic acid, libemted by the fermentation of 
the milk sugar by the liirtii-acid bacteria, witti ^wfwwLS^w.,'-.'^"^'^^^^^ 
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the monolac.tate of paracauein. This coiDpouod, insoluble i 
is formed during the inanufactnre and in the very early f 
ripening. 

Second, the gradual transformation of this insoluble body into com- 
pounds soluble in water, chiefly alhumoses, peptons, and a small amount 
of the higher amides. This change is probably brought aWut by the 
combined action of the two enzymes, galactase secreted with the milk, 
and pepsin introduced in the manufacture as a contamination of the 
rennet. The change to this point results in the "breaking down" of 
the curd and the softening of the texture, but does not produce thi 
typical cheese flavor. 

Third, a gradual accumulation, mostly in the later stages of the ripeo-J 
ing, of the numerous compounds of the amide group and their further 
decomposition into simpler amides and into ammonia. The increase 
of this group is coincident with, and is usually considered to explain, 
the increasing intensity of the flavor and aroma. ■ The flavor and aroma 
are probably still further changed and intensified by a rearrangement 
of the proportions of the individual amide bodies present. 

The presence of this group of compounds in the amounts normally 
pre.sent in cheese can not be explained by the activity of pepsin and 
galactase. The action of pepsin ends with the peptones; galacta.se 
forms amides only in small amoiinbj, even under the most favorable 
conditions and never produces ammonia. The elimination of pepsin 
and galactase as possible factors leaves as the most probable cause the 
action of bacteria, either direct through the metabolism of the cells 
or indirect through the agency of bacterial enzymes. The bacterial 
hypothesis is still further supported by the fact that the increase of 
amides is largely prevented, and that of ammonia entirely, by the 
presence of antiseptics. 

In this paper are given the I'csults of bacteriological investigations 
made on three pairs of duplicate cheeses; one cheese of each pair was 
held at a low temperature (8"^ to 12° C.) and one at a comparatively 
high temperature (23^ C). In all cases the high-temperature cheeses 
ripened rapidly and soon developed a strong overripe flavor, while 
the low-temperature cheeses ripened slowly and retained an agreeable 
flavor for a long time. The bacteria in the high -temperature cheeses 
decreased rapidly, and before the cheeses were thoroughly lipened had 
rea^'hed unimportant numbers. The increase in amides and ammonia 
continued after the bacteria had nearly disappeared. In the low-tem- 
perature cheeses the decrease of the bacteria was slower and more 
gradual, but continued until the number present was comparatively 
.small. There was no increase in bacteria in any cheese at any time. 

The total bacteria was made up almost entirely of bacteria of the 
lactic class. In one pair of cheeses, at least, this included a lactic- 
acid-forming bacterium, liquefying gelatin very slowly and bringing 
about a slight proteolysis of casein in milk if the acid was neutralized. 
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Gelatin-liquefying bucteria were preaent during the first few days of 
the ripening in considerable numbers; after a rapid initial decline they 
peraisted in tomparatively small numbers, but in the course of time 
uaually disappeared almost entirely. In all cases the high initial num- 
ber was made up almost entirely of a coccus forming on gelatin smalt, 
round colonies with a saucer-shaped liquefaction. Theie was no dif- 
ferentiation, qualitative or quantitative, in the bacteria that could 
account for the marked differences which existed between the high and 
the low temperature cheeses. 

Autodigestions of these cheeses at different periods of the ripen- 
ing, made in a way that excluded the action of organisms without 
inhibiting the activity of the enzymes, indicated that — 

1. In the fresh cheeses bacterial enzymes were present in amounts 
sufficient to produce only a slight increase in the amides and ammonia. 

2. In the ripe cheeses bacterial enzymes were present in quantities 
sufficient to pi'oduce a marked increase in amides and ammonia. This 
was true of all the cheeses. 

S. Ba^-terial enzymes were formed at an earlier period and in greater 
quantity in the high temperature cheeses than in the cheeses ripened 
at a low temperature, 

Cei-tain of the liquefying bacteria were able to secrete proteolytic 
enzymes, which, when added to sterile water suspensions of cheese, 
caused a marked increase in the amides and ammonia. A lactic-acid 
bacterium which was able to digest neutralized milk did not secrete, 
under these conditions, sufficient enzyme to change appreciably the 
amount of soluble nitrogenous constituents of cheese extract. 
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